Neonicotinoid insecticides: reduction and cleavage of imidacloprid nitroimine substituent by liver microsomal and cytosolic enzymes.
The major insecticide imidacloprid (IMI) is known to be metabolized by human cytochrome P450 3A4 with NADPH by imidazolidine hydroxylation and dehydrogenation to give 5-hydroxy-imidacloprid and the olefin, respectively, and by nitroimine reduction and cleavage to yield the nitrosoimine, guanidine, and urea derivatives. More extensive metabolism by human or rabbit liver microsomes with NADPH or rabbit liver cytosol without added cofactor reduces the IMI N-nitro group to an N-amino substituent, i.e., the corresponding hydrazone. A major metabolite on incubation of IMI in the human microsome-NADPH system is tentatively assigned by LC/MS as a 1,2,4-triazol-3-one derived from the hydrazone; the same product is obtained on reaction of the hydrazone with ethyl chloroformate. The hydrazone and proposed triazolone are considered here together (referred to as the hydrazone) for quantitation. Only a portion of the microsomal reduction and cleavage of the nitroimine substituent is attributable to a CYP450 enzyme. The cytosolic enzyme conversion to the hydrazone is inhibited by added cofactors (NAD > NADH > NADP > NADPH) and enhanced by an argon instead of an air atmosphere. The responsible cytosolic enzyme(s) does not appear to be DT-diaphorase (which is inhibited by several neonicotinoids), aldose reductase, aldehyde reductase, or xanthine oxidase. However, the cytosolic metabolism of IMI is inhibited by several aldo-keto-reductase inhibitors (i.e., alrestatin, EBPC, Ponalrestat, phenobarbital, and quercetin). Other neonicotinoids with nitroimine, nitrosoimine, and nitromethylene substituents are probably also metabolized by "neonicotinoid nitro reductase(s)" since they serve as competitive substrates for [(3)H]IMI metabolism.